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SHUTTLE CRITICAL ITEMS LIST = ORBITER

SUBSYSTEM :ACTUATION MECH-ET/URB DOOR FMEA HO 02-4D=G1l2600-3 REV:02/17/88

ASSEMELY :ET/ORBITER UHBILICAL DOOR MECHANISHMS CRIT. FUNC: 1R
P/N RI 1MC287-0020 CRIT. HDW; Z
P/N VENDOR:15600 HOOVER ELECTRIC VEHICLE 102 103 104
QUANTITY :4 (2 LH2 & 2 LO2) EFFECTIVITY! X X X

1 (2 PER ACTUATOR) PHASE(S): PL LO X 00 D& X LS

REDUNDANCY SCREEN: A-FESS B-FAIL C-PASS

PREPARED BY: APPFRQVED BY:
DES R. H. YEE DES<K,ihute Lo b
REL J. §. MULLEN REL -",HQEEQEE:F

QE W. J. SHITH QE

}

ITEM:
ELECTRIC MOTOR/BRAKE, LODGR DRIVE ACTUATOR

FONCTTIOCH=
TC FEEP MOTOR AND DRIVE TRAIN FROM ROTATING AFTER EILECTRICAL POWER IS
REMGVED.

FALLURE MODE:
ERARE FALILS TO ENGAGE

CAUSE (5) @
ADVERSE TOLERANCES/WEAR, CONTAMINATION/FOREIGN OBJECT/DERRTS, DEFECTIVE
PART /MATERTATL OR MANUITFACTURING DEFECT, FAILURE /DEFLECTION DF INTERHAL
FART, ELECTRICAL FAILURE (SHORT CIRCUIT, ETC.)

EFFECT(S) ON:
() SUBSYSTEM (B)INTERFACES (C)MISSION (D)CREW/VEHLCLE

(A) LOSS OF REDUNDANCY.
(B) NO EFFECT UNLESS POWER IS LOST TO ASSOCIATED MOTOR.

(C,D) PIRST FAILORE OF MOTOR OR BRARE ON SAME SHAFT = NO EFFECT. SECOND
FAILURE QF REMAINING MOTCR CR BRAKE ON SAME SHAFT - LOSS OF FUNCTICN.
REDUNDANT MOTOR WILL BACKDRIVE THROUGH FAILED BRAKE. POSSIALE LOSS OF
CREW/VEHICLE DUE TQ DAMASE CAUSED BY THERMAL EFFECTS IF THE DOORS CANNOT
EE CIOSED AND FULLY LATCHED FOR SAFE RE-ENTRY.

FAILS REDUNDANCY SCREEN "B" SINCE A BRAKE FAILURE CANNOT BE VISUALLY
DETECTED WHILE IN FLIGHT.
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EOURSY¥ESTEM :ACTUATICMN MECE-ET/ORE DOCE TFMEA HO 02-4D-012600-31 REV:02/17/88

DISPOSITION & RATIONALE:
(A)DESIGH (B)TEST {E]IHEEECTIOH (D) FALLURE HISTCRY {E)CPERATIONAI, USE

' (A} DESTGN
EACH ORBITER/ET UMBILICAL DOCR IS OPENED OR CLOSED (TO WITHIN APPROX 2
INCHES) BY FOUR-BAR/OVER-CENTER HINGE/ACTUATION LINKAGES THAT ARE DRIVEN
BY AN ELECTROMECHANICAL ACTUATOR THROUGH A TORQUE TUBE, BELLCRANKS, AND
CONNECTING=RODS. EACH DOCOE DRIVE ACTUATCR COMSISTE OF A PLAMNETARY
GEARBOX/DIFFERENTIAL DRIVEN BY TWO (REDUNDANT) 31=PHASE ELECTRIC MOTORS:
EACH MOTOR HAS AN INTEGRAL SPRING=LOADFED FRICTION CLUTCH/BRAKE: AN
INTEGRAL SPRING-LOADED DUAL-DISC PLATE FRICTICN TORQUOE LTMITER: WITH
LIMIT SWITCHES AND MECHANICAL STOPS TO CONTROL/LIMIT ACTUATOR
MOVEMEMNT/BOTATICN. TEE ACTUATOR BOUSING IS DESICWED To PRECLULE THE EMNTRY
OF FOREIGN PARTICLES. PARTS ARE CLEANED TO LEVEL 200, PER MAC110-301
fPRIOE TO ASSEMBLY) ; ASSEMAILRD IN A CLASS 100,000 CLEAN ROOM (EER FED-
STD-208). DUAL ROTATING SURFACES ON BEARINGS. SAFETY FACTOR 1.4
MINIMIIM. FROVISION EXISTE TO CYCLE THE ACTUATOR (TO LOOSEN STRLLED/S
JAMMED MECHAMNISM) . EBRAFES MUST BE ELECTRICALLY ENERGIZED TO DISENGAGE
AND ARE DESIGNED TQ FAIL IN THE ENGAGED POSITION. DIFFERENTIAL IS
DESIGHED TO DISTRIBUTE POWER FROM EITHER QHE OR BCTH (REDUWDANT) MOTORS.
MOTCRS DESIGNED TGO OPERATE IN EMERGENCY 2-PHASE CONDITION. LIMIT
SWITCHES ARE HERMETICALLY SEALED. EACH TORQUE LIMITER IS DESIGNED TO
PREOTECT ITS MOTOR AND DRIVE TRAIN FROM AN OVERICAD FATIILURE.

(B} TEST : .
QUALIFICATICN TESTS: QUAL-CERTIFIED PER (R-45-287-0020-0001.
CQUALIFICATION TESTS INCLUDED: HUMIDITY TEST, SHOCK TEST, QUALIFICATION
ACCEDTANCE VIBRATION TESTS (QAVT), THERMAL VACIUM TEST, TEERMAL ©YCLING -
TEST, OPERATING LIFE TEST (2,000 CYCLES, 100-MISSION, 10-YEAR LIFE;
EXPECT %00 CYCLES FER 100 MISSIONS), MECHANTICAL STOP TEST, POWER
CONSTTMPTION TEST, FREE=PLAY TEST, AND IRREVERSIEBILITY TEST.

ACCEPTANCE TESTS: INCLUDES EXAMINATION OF FRODOCT (FOR WEIGHT,
DIMENSTONS, CONSTRUCTION, CLEANLINESS AND FINISH), ACCEPTANCE VIBRATIOH
TESTES (AVT) {(2U-2,000 HZ, 30 S5EC TO- 5 MINUTES, IN EACH CF THREE ORTHOGONAL
AYXES, WITE ELECTRICAL CIRCUITI MONITQRED FOR CONTINUITY), ACCEPTANCE
THERMAL TESTS (ATT) (CYCLED BETWEEN -20 DEG F AND +330 DEG F; MOTOR 1,
MOTOR 2 AND DOUAL MOTOR), POWER CONSUMPTION TEST {OPERATED AT FATED LOAD
AT =50 DEG F, BINGLE MOTOR DEFLOYED WITHIN 48 SEC, DUAL MOTCORS DEPLOYED
WITHIN 34 SEC, 1465 WATTS/MOTOR MAX, 0.75 AMPS/PHASE/MOTCR MAX: 516
WATTS/MOTOR MAX STARTING PUOWER AND 3.5 AMFS/PHASE/MOTOR MAX STARTING
CURRENT; OPRERATED AT MAXTMUM LCAD AT ~-50 DEG F, 1846 WATTS/MOTCR MAX AND
0.77 AMPS/PHASE/MOTOR MAY), INSULATION RESISTANCE TEST AND DIELECTRIC
STRENGTH TEET (PER MFOOQ4-002), CYCLING TEST (QPERATED AT RATED 1OAD:
SINGLE MOTOR, 13 CYCLES EACH FROM CW-CCW=-CW ROTATION AT 48 SEC/DIRECTICN:
ODUAT. MOTCR, 70 CYCLEE FROM CW-COW-CW ROTATION AT 24 SEC/DIRECTION),
FREEPLAY TEST {MAX ANGULAR FREEPLAY AT OUTPUT SHAFT +/~1.0 DEGEEES
ROTATION, WITE 1¢ INCH-LB OF REVERSING TORQUE), STALL/MANIMUM TORQUE TEST
{MAX ACTUATOR CUTPFUT 14,000 INCH=-LE, AT =75 DEG F MINIMUM;,
IRREVERSIBILITY TEST (ACTUATOR MUST BE IRREVERSIBLE TO THE QPERATING LOAD
QF 1,875 INCH-LE, IN EITHER DIRECTICH), MECEANICAL LIMITE TEST AND
ELECTRICAL LIMITS TEST (ACTUATOR CYCLED THROUGH ITS FULL TRAVEL TO VERITY
COMPLIANCE WITH MECHANICAL AND ELECTRICAL LIMITS) .
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OMRSD: OQPEN/CLOSE (1-"G") OPERATIONAL CHEGEGUT OF RIGHT-HAND/LEFT-HAND
ET DUCRS; SINGLE MOTOR OPERATION (MOTOR 1, MOTOR 2} TO ALSQ ENSURE THAT
THE BEAKE ON THE SECOND MOTCOR I5 QPERATING PROPERLY. FREQUENCY - ALL
VEHICLES AT GROUND TURNAROUND.

{C} INSPECTION

RECEIVING INSPECTION

CERTIFICATION OF COMPLIANCE, TEST COUPCNS, PHYSICAL AND CHEMICATL, RECORDS
APE VERIFIED BY INSPECTIUN. RECEIVING INSPECTION PERFORMS VISUAL &IND
DIMENSIONAIL EXAMINATION OF ALL INCOMING PARTS. {EARS ARE HARDNTSS
CHECEED AWD VERIFIED BY INSPECTION.

COMNTAMITNATION CONTROL

ALL METRL PARTZ ARE VERIFIED BY INSPECTION TU BE CLEAN. A CLASS 100,000
CLEAN ROCM FACILITY IS USED FOR ASSZMELY. TFINAL INSPECTION INCLUDES
CHECKS FOR CONTAMINATION USING BORESCOPES, S5X AND 10X MAGMIFICATION
DEVICES, AND MEMBRANE FILTRATION METHOLDS.

ASSEMBLY/INSTALLATION .
ASSEMBELY OF ELECTRIC/MOTOR ERAKE VERIFIED BY INSPECTION.

HONDESTRUCTIVE EVALUATION

ALL. DETAIL PARTS MACHINED TO HOOVER DRAWINGS ARE MAGNETIC PERTICLE
INSPECTED PER MIL-I=6368 OR FLUORESCENT DENETRANT IMSPECTED PER MIL-T-
G266, DEPENDING CN ALLDY, VERIFIED BY INSPECTION.

CRITICAL FRCCE3SES .
CRIMPING CONTROLS ARE MAINTAINED IN ACCORDANCE WITH MSC-SPEC-Q-TA.
SOLDERING IS VERIFIED BY INSPECTION IN ACCORDANCE WITH NHES3I0O0.4(3A).

TESTING ’
ACCEPTANCE TESTING VERTFIED BY INSFECTION.

HANDIING/PACEAGING
PACKAGING TC MAINTAIN CLEANLINESS VERIFIED BY TINSDPECTION.

(D) FAILURE HISTORY

THERE HAVE BEEN NO ACCEPTANCE TEST, QUALIFICATION TEST, FIELD OR FLIGHT
FAIIORES ASSQOCTIATED WITH THIS FATLURE MCDE.

(E} OPERATIONAL USE
NONE.



